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first part-channel (19a) and a second part-channel (195),
wherein preferably the first part-channel (19a) 1s arranged in
the region of an outlet valve gmide (14a) and the second
part-channel (196) 1s arranged in the region of an outlet
valve seat (14b) of the adjacent outlet valve.

19 Claims, 2 Drawing Sheets

(51) Int. CL
FOIP 3/02 (2006.01)
FO2F 1/24 (2006.01)
FO2F 1/42 (2006.01)
(52) U.S. CL
CPC ... FO2F 1/4214 (2013.01); FOIP 2003/024

(2013.01)

(58) Field of Classification Search
USPC e 123/41.82 R
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,234,422 B2* 6/2007 Schlautman .............. FO2F 1/40
123/41.74
8,151,743 B2* 4/2012 Reustle ................. B22D 15/02
123/41.76

8,602,028
8,875,670

9,562,493
2005/0087154
2009/0126659

2010/0242869
2011/0315098

2013/0192546

FOR.

B2
B2 *

B2 *
Al

Al*
Al*
Al*

Al*

3/2014
11/2014

2/2017
4/2005

5/2009

9/2010

12/2011

8/2013

DE 102005050510

DE 102008047 |
DE 102008047 |
DE 102008047 |

EP

85
85 Al *

85 Al *

1884647
JP 2002256966

Knollmayr
Brewer ................. FOIN 13/105
123/41.82 R
Wakiya
Hayman et al.
Lester ........ccooeeeeee, FOIN 3/046
123/41.72
Knollmayr ................ FOIP 3/02
123/41.82 R
Kosugl .......ccoeeeeee B22C 9/103
123/41.74
Ruffing ..................... FO2F 1/40
123/41.76

SIGN PATENT DOCUMENTS

4/2007
4/2010
472010 ... FO2F 1/40
472010 ... FO2F 1/40
2/2008
9/2002

OTHER PUBLICATTONS

English Abstract of JP2002256966.

English Abstract of ]
English Abstract of |
English Abstract of |

* cited by examiner

DE102008047185.
~P1384647.
DE69910249.



U.S. Patent May 19, 2020 Sheet 1 of 2 US 10,655,559 B2

17
16 14 14 21
14 424 18/ 40
14 424 FS /21b
24\ 7o ;'
24 14
21N ,i' 2 l
3““‘1!-.._ 2 2 T
Sa 2 4 19b =
' = 19,/ \8/
Fi1g.1 — 2 9
4o~
15 3b S 10
H—"i 16 2 10 15
[ V| | 17
o ' — T // — ~
—‘ ) 39 ) 21
T N J ~20 ~ 120
14 24818 14\ \18 14\ 18 14 619b
20 6/24 ; /24\ 6/24\
19 \ / \ 6// /7 18 4b
il ' 19
Sy

4a—t4 8T '\ 8.f 8%‘\8 78t 8/ 8!\ 8 22
| Ja 2a 3bjjill Sa 2a 3b)llll 3a 2a3b
235~—. 227 RN 22 _ 22

(N
O
N
0
N
O

9.7 | N N N N
--g—— | ;15 53 f15 23 f15 53 f15 33
E—"l i 2 Z 2
V! 2 . 2 2
23 15,23 J15, 23 §15, 23 15| 23
ﬂ / v l-/ L 99
. 223 3b 225 3b 223 ?Sb 223 3b 7h
a a Q a /
19\\ 2] #__,,20 | 21 /8 1 21“ 2 , 27 /8 N
8 ' 1 1, 19
i~7 i~7 7 |7
4.0 3 6\ 3 6\ t 5 119a 5 40

g Wy~ 14 A 14 AN W\ 14
UL '3# 18 20 ' 2/(;




U.S. Patent May 19, 2020 Sheet 2 of 2 US 10,655,559 B2

4 140 19a _2a 193¢
[ |




US 10,655,559 B2

1

CYLINDER HEAD FOR AN INTERNAL
COMBUSTION ENGINE

The invention relates to a cylinder head for an internal
combustion engine having liquid cooling, comprising at
least two outlet valves for controlling outlet openings and at
least one 1nlet valve for controlling at least one inlet opening
per cylinder, having at least one cooling jacket through
which cooling medium flows, wherein an outlet valve bridge
1s arranged between two adjacent outlet valves and a respec-
tive inlet/outlet valve bridge 1s arranged between at least one
outlet valve and an adjacent inlet valve, and wherein a first
cooling channel 1s arranged in the region of at least one
outlet valve bridge and a second cooling channel 1s arranged
in the region of at least one inlet/outlet valve bridge, and the
first and second cooling channels are flow-connected to one
another 1n a central cooling region of the cylinder.

AT 506 473 B1 describes a cylinder head for an internal
combustion engine, comprising several cylinders with a
coolant jacket surrounding the outlet valves, which has a
coolant collection channel extending in the longitudinal
direction of the cylinder head on the outlet side. Cooling
channels are arranged in the area of the outlet valve bridge
and 1n the region of the inlet/outlet valve bridges. Since the
coolant flow takes place 1n the region of the cooling channel
of the inlet/outlet valve bridge on either side of each outlet
valve, flow stagnation and thus overheating can occur in the
region of the inlet/outlet valve bridges and the outlet valve
guides.

Internal combustion engines with exhaust gas collectors
integrally formed with the cylinder heads are known from
the publications US 2005/0087154 Al, EP 0 856 650 Al,
U.S. Pat. No. 7,051,685 B2, AT 500 442 B1.

Particularly i1n the case of high-performance internal
combustion engines, suilicient cooling of the region of the
inlet/outlet valve bridges and the outlet valve guides 1s not
ensured.

It 1s the object of the mvention to improve the cooling in
the region of the 1nlet/outlet valve bridges and in the region
of the outlet valve guides.

According to the mvention, this 1s achieved by at least one
second cooling channel having a flow-dividing device which
subdivides the second cooling channel at least in sections
into a first partial channel and a second partial channel.
Preferably, the first partial channel 1s arranged 1n the region
of an outlet valve guide and the second partial channel 1s
arranged 1n the region of an outlet valve seat of the adjacent
outlet valve. This makes it possible to improve the cooling
both 1n the region of the outlet valve guide and 1n the region
of the outlet valve seat.

Preferably, the first partial channel and the second partial
channel are merged both upstream and downstream of the
flow-dividing device. In detail, 1t can be provided that the
first and second partial channels are merged in the region of
the first cooling channel. Furthermore, the first and the
second partial channel can be merged 1n the region of a
connecting channel of the cooling jacket, which 1s arranged
in the region of a motor transverse plane between two
adjacent cylinders or on at least one end face of the cylinder
head. The connecting channel mutually connects two outlet-
side and/or two 1nlet-side cooling jacket sections of two
adjacent cylinders and/or at least one outlet-side cooling
jacket section to an inlet-side cooling jacket section.

The flow division of the second cooling channel thus
occurs essentially only in the region of the ilet/outlet valve
bridge. The coolant flow 1n the region of the inlet/outlet
valve bridge 1s thus divided into two partial streams, wherein

10

15

20

25

30

35

40

45

50

55

60

65

2

the first partial flow through the first partial channel flows
around the outlet valves and thus cools the corresponding
outlet valve seat. The second partial flow of the second
partial channel cools the transition region between inlet and
outlet valves. The two partial channels allow a directed tlow
and point-precise cooling of regions of the mlet/outlet valve
bridge, which are subjected to high thermal stress, and in
particular the adjacent outlet valve seat.

In addition, or alternatively to the flow-dividing device, it
can be provided according to the ivention that the first
cooling channel i1s flow-connected to the second cooling
channel only via the central cooling region and at least one
flow 1nterruption device 1s arranged 1n a region diametrically
opposite the first and/or second cooling channel with respect
to the outlet valve centre. Flow interruption means both a
complete interruption of the cooling channel, e¢.g. through a
material entry or a cover device, as well as a throttling point
or apparatus which interrupts the flow. It 1s particularly
advantageous 1 the first cooling channel and at least one
second cooling channel—preferably the first cooling chan-
nel and the first partial channel—together surround at least
one outlet valve guide over an angular range between 180°
and 300°, preferably about 210° to 240°. The second cooling
channel 1s thus exposed by the tflow interruption device 1n a
region facing the outlet longitudinal side wall of the cylinder
head, opposite the first cooling channel. Thus, a complete
flow around the outlet valves 1s prevented. Thereby, 1t can be
prevented that there 1s a bypass flow between first and
second cooling channel of the coolant in the region of the
outer side of the cylinder, and that stagnation and/or over-
heating occurs in the region of the second cooling channel.
On account of the higher flow velocities, increased heat
dissipation can be achieved from the area of the outlet valve
guides on the one hand and an improved cooling of the outlet
valve seats on the other hand.

The cylinder head can have an integrated coolant collect-
ing channel extending at least over two cylinders and/or at
least one integrated exhaust gas collector extending over at
least two cylinders, which 1s at least partially surrounded by
an exhaust gas cooling jacket. The first cooling channel of
cach cylinder can be connected to the coolant collecting
channel and/or to the exhaust gas cooling jacket via at least
one transier channel. The main flow from or to the coolant
collecting channel or coolant distribution channel and from
or to the exhaust gas cooling jacket of the exhaust mamiold
takes place via the transier channel connected to the first
cooling channel.

The coolant can flow into the cooling jacket of the
cylinder head via flow transfer openings 1n the area of the
cylinder head plane from the cooling jacket of the cylinder
block or flow into the cooling jacket of the cylinder block
from the cooling jacket of the cylinder head, as 1s customary
in the case of top down cooling systems.

The production effort can be kept extremely small when
the tlow-dividing device and/or the flow interruption device
1s formed by a cast wall section of the cylinder head. The
flow-dividing device and the flow interruption device are
thus formed by the casting material of the cylinder head
itsell, wherein only slight modifications of the casting mould
or of the cast cores are necessary.

The heat dissipation from thermally highly stressed areas
of the valve bridges, 1n particular of the inlet/outlet valve
bridges, as well as of the outlet valve guides, can be
significantly improved by the flow-dividing device and/or
the tlow interruption device, in particular 1n high-perfor-
mance internal combustion engines.
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The invention 1s explained in more detail below with
reference to the non-limiting drawings, wherein:

FIG. 1 shows a cooling jacket system of an internal
combustion engine having a cylinder head according to the
invention 1 an oblique view;

FIG. 2 shows a cooling jacket of a cylinder head accord-
ing to the mvention 1n a top view;

FIG. 3 shows the cooling jacket 1n a bottom view;

FIG. 4 shows the cooling jacket 1n a sectional view along
the line IV-IV 1n FIG. 2;

FIG. 5 shows a cylinder head according to the invention
in a sectional view along line V-V m FIG. 2;

FIG. 6 shows the cooling jacket of a cylinder of the
cylinder head according to the invention 1n an oblique view
from above;

FIG. 7 shows the detail VII from FIG. 8; and

FIG. 8 shows the cooling jacket of a cylinder 1n an oblique
view from below.

FIG. 1 shows a cooling jacket system 1 of an internal
combustion engine with a plurality of cylinders 2, compris-
ing a cooling jacket 3 of a cylinder head 4 for cooling
thermally critical areas such as fire deck 5, valve guides 14a,
145, valve seats 14b, 15b, exhaust valve bridges 7 between
the outlet valves, inlet/outlet valve bridges 8 between 1nlet
valves and outlet valves, outlet channels 9, etc (FIG. 5). The
cooling jacket 3 of the cylinder head 4 1s 1n flow connection
with a block cooling jacket 10 of a cylinder block (not
shown). In the area of the cylinder head sealing plane 11,
there are outlet-side and/or inlet-side flow transier openings
12, 13 for each cylinder 2 between the cooling jacket 3 of the
cylinder head 4 and the block cooling jacket 10, as shown 1n
FIG. 5. The cylinder head 4 has, for each cylinder 2, two
outlet valves and two 1nlet valves, of which only the exposed
arcas 14 1n the cooling jacket 3 are shown for the outlet
openings or the exposed areas 15 1n the cooling jacket 3 for
the inlet openings, and—in FIG. 5—the outlet valve guides
14a and 1nlet valve guides 15a as well as outlet valve seats
146 and 1nlet valve seats 15b5. The outlet valve guides 14qa
are also shown 1n FIGS. 6 to 8.

The cylinder head 4 has an integrated exhaust gas col-
lector 16 (see FIG. §), which 1s at least partially surrounded
by an exhaust gas cooling jacket 17. The exhaust gas cooling

jacket 17 1s 1n flow connection with the cooling jacket 3 of

the cylinder head 4 via a respective transfer channel 6 per
cylinder 2, wherein the transfer channel 6 1s connected per
cylinder 2 to a first cooling channel 18 arranged between two
outlet valve openings 14 1n the region of the exhaust valve
bridge 7. In the region of each of the inlet/outlet valve
bridges 8 between an outlet valve and an inlet valve, a
respective second cooling channel 19 1s arranged, which 1s
connected to the first cooling channel 18 1n a central cooling
region 20, 1.e. close to the cylinder axis.

The cooling jacket 3 of the cylinder head 4 has an
outlet-side cooling jacket section 3a and an inlet-side cool-
ing jacket section 3b which are flow-connected to each other
in the region of the motor transverse planes 23 between
adjacent cylinders 2 and at the end faces 4a, 4b of the
cylinder head 4 via connecting channels 22. In this case, the
motor transverse plane 23 denotes a plane extending nor-
mally to the motor longitudinal plane 25 between adjacent
cylinders 2, said motor longitudinal plane being defined by
the cylinder axes 2a.

The second cooling channel 19 1s designed to be divided
in the region of each inlet/outlet valve bridge 8, wherein a
first partial channel 19q and a second partial channel 195 are
arranged on one respective side of a tlow-dividing device 21.
The tlow-dividing device 21, which 1s designed in the shape
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ol a crescent or kidney-shaped 1n a top view of the cylinder
axis indicated by reference numeral 2aq, thus divides the
second cooling channel 19 into two partial channels, namely
into a first partial channel 194 shown 1n FIG. 5 above the
outlet channel 9, and a second partial channel 1956 which 1s
arranged 1n the drawings obliquely beneath the first partial
channel 19a, wherein the partial channels 19a, 195 originate
from the common flow path upstream of the flow-dividing
device 21 and open again downstream of the tlow-dividing
device 21 mto a common flow path. In this case, the first
partial channel 19a 1s arranged 1n the form of a circular ring,
sector around the outlet valve guide 144, as a result of which
optimum cooling of the outlet valve guide 1s achieved. The
second partial channel 1956 1s arranged 1n the region of the
outlet valve seat 14b, which 1n a targeted manner removes
heat from this region of the inlet/outlet valve bridge 8. The
first and second partial channels 19a, 196 are combined on
the one hand in the region of the first cooling channel 18 and
on the other hand 1n the region of the adjacent connecting
channel 22 of the cooling jacket 3. Each connecting channel
22 1s designed so as to mutually flow-connect two outlet-
side cooling jacket sections 3a and/or two 1nlet-side coolant
sections 3b of two adjacent cylinders 2 and/or at least one
outlet-side cooling jacket section 3a to an inlet-side cooling
jacket section 3b.

The flow from the first cooling channel 18 into the second
cooling channel 19 or from the second cooling channel 19
into the first cooling channel 18 takes place depending on
whether a top-down cooling concept—with flow from the
cooling jacket 3 of the cylinder head 2 into the block cooling
jacket 10—or a conventional cooling concept with flow
from the block cooling jacket 10 into the cooling jacket 3 of
the cylinder head 2 1s implemented. In this case, the flow
occurs at least in the regions of the motor transverse planes
23 essentially transversely to the motor longitudinal plane
26 which 1s defined by the cylinder axes 2a.

In order to prevent stagnation of the flow 1n the second
cooling channel 19, the first cooling channel 18 1s flow-
connected to the second cooling channel 19 only via the
central cooling region 20, wherein, 1n a region of the
cylinder head 2 which 1s diametrically opposite the first
and/or second cooling channel 19 with respect to the outlet
opening 14, a flow interruption device 24 1s arranged (see
FIGS. 6 to 8). In this case, the flow iterruption device 24
1s, for example, a blockage or interruption of a region of the
second cooling channel 19 surrounding the outlet valves, or
a connection of the first cooling channel 18 with the second
cooling channel 19. Instead of an interruption or blockage,
a throttling point or other types of tlow interruptions can also
be provided. The first cooling channel 18 and at least one
second cooling channel 19—preferably the first cooling
channel 18 and the first partial channel 19a—surround 1n
combination the respective outlet valve guide 14a over an
angular range 3 between 180° and 300°, preferably approxi-
mately 210° to 240°.

By means of the flow interruption device 24, bypass tlows
between the first cooling channel 18 and the second cooling
channel 19 around the outlet valve on the side of the outlet
valve guide 14a remote from the first cooling channel 18 can
be avoided. Thus, 1mn the region of every other second
cooling channel 19, a defined radial flow occurs locally 1n
the longitudinal direction of the motor at high speeds and
throughputs.

The cooling 1n the region of the corresponding inlet/outlet
valve bridge 8 can be improved both with the flow-dividing
device 21 and also with the flow interruption device 24.
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Particularly good heat dissipation can be achieved by com-
bining the flow-dividing device 21 and the flow interruption

device 24.

The 1nvention claimed 1s:

1. A cylinder head for an internal combustion engine
having liquid cooling, the cylinder head comprising:

at least two outlet valves configured and arranged to
control outlet openings;

at least one inlet valve configured and arranged to control
at least one inlet opening per cylinder, the at least one
inlet valve including at least one cooling jacket through
which cooling medium flows;

an outlet valve bridge 1s arranged between the at least two
adjacent outlet valves;

at least one 1nlet/outlet valve bridge 1s arranged between
at least one outlet valve and an adjacent inlet valve;

a first cooling channel 1s arranged adjacent the at least one
outlet valve bridge;

a second cooling channel 1s arranged adjacent the at least
one inlet/outlet valve bridge, and the first and second
cooling channels are flow-connected to one another
about an outlet valve guide, the first and second cooling
channels configured and arranged to improve cooling 1n
proximity to the inlet-outlet valve bridge and the outlet
valve guide; and

wherein the second cooling channel includes a flow-
dividing device which subdivides the second cooling
channel into a first partial channel and a second partial
channel, each extending about a respective side of the
outlet valve guide, and rejoining on a far side of the
outlet valve guide.

2. The cylinder head according to claim 1, further includ-
ing at least one flow terruption device arranged diametri-
cally opposite the first and/or second cooling channel with
respect to at least one of the outlet openings.

3. The cylinder head according to claim 1, wherein the
first and second partial channels are merged both upstream
and downstream of the tlow-dividing device.

4. The cylinder head according to claim 1, wherein the
first partial channel and the second partial channel are
merged adjacent the first cooling channel.

5. The cylinder head according to claim 1, wherein the
first partial channel and the second partial channel are
merged adjacent a connecting channel of the at least one
cooling jacket, the at least one cooling jacket 1s arranged
adjacent a motor transverse plane between two adjacent
cylinders and/or adjacent at least one end face of the cylinder
head.

6. The cylinder head according to claim 3, wherein a tlow
through the connecting channel connects two outlet-side
cooling jacket sections and/or two inlet-side cooling jacket
sections ol the cooling jacket of two adjacent cylinders to
cach other.

7. The cylinder head according to claim 3, wherein a flow
through the connecting channel connects at least one outlet-
side cooling jacket section of the at least one cooling jacket
to an inlet-side cooling jacket section to each other.

8. The cylinder head according to claim 1, further includ-
ing an integrated coolant collecting channel extending at
least over two cylinders and/or at least one integrated
exhaust gas collector extending over at least two cylinders
which 1s at least partly surrounded by an exhaust gas cooling
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jacket, and wherein the first cooling channel of each cylinder
1s connected to the coolant collecting channel and/or the
exhaust gas cooling jacket.

9. The cylinder head according to claim 1, wherein the
first cooling channel and the second cooling channel
together surround the outlet valve guide over an angular
range between 180° and 300°.

10. The cylinder head according to claim 1, wherein the
flow-dividing device and/or the flow interruption device is
formed by a cast wall section of the cylinder head.

11. The cylinder head according to claim 8, wherein the
first cooling channel of each cylinder 1s connected to the
coolant collecting channel and/or the exhaust gas cooling
jacket via at least one transfer channel.

12. The cylinder head according to claim 9, wherein the
first cooling channel and the first partial channel of the
second cooling channel together surround the outlet valve
guide over an angular range between 180° and 300°.

13. The cylinder head according to claim 9, wherein the
first cooling channel and the second cooling channel
together surround the outlet valve guide over an angular
range between 210° to 240°.

14. The cylinder head according to claim 13, wherein the
first cooling channel and the first partial channel of the
second cooling channel together surround the outlet valve
guide over an angular range between 210° to 240°.

15. The cylinder head according to claim 1, wherein the
first partial channel 1s arranged in the region of the outlet
valve guide and the second partial channel 1s arranged 1n the
region ol an outlet valve seat of the adjacent outlet valve.

16. A cylinder head for an internal combustion engine
having liquid cooling, the cylinder head comprising:

at least two outlet valves configured and arranged to

control outlet openings;

at least one 1nlet valve configured and arranged to control

at least one 1nlet opening per cylinder, the at least one
inlet valve including at least one cooling jacket through
which cooling medium flows;

an outlet valve bridge 1s arranged between two of the at

least two adjacent outlet valves;
an 1nlet/outlet valve bridge 1s arranged between at least
one outlet valve of the at least two outlet valves and an
adjacent inlet valve of the at least one inlet valve;

and the first and second cooling channels are flow-
connected to one another and configured and arranged
to improve cooling 1n proximity to the inlet-outlet valve
bridge and the outlet valve guide; and

and at least one flow interruption device 1s arranged

diametrically opposite the first and/or second cooling
channel with respect to one of the outlet openings.

17. The cylinder head according to claim 16, wherein the
second cooling channel includes a flow-dividing device
which subdivides the second cooling channel into a first
partial channel and a second partial channel.

18. The cylinder head according to claim 17, wherein the
first partial channel 1s arranged in the region of the outlet
valve guide and the second partial channel 1s arranged 1n the
region ol an outlet valve seat of the adjacent outlet valve.

19. The cylinder head according to claim 16, wherein the
flow-dividing device and/or the flow interruption device 1s
tformed by a cast wall section of the cylinder head.
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